
Evaluation of the Cobas TaqMan MTB Test for the Detection of
Mycobacterium tuberculosis Complex According to Acid-Fast-Bacillus
Smear Grades in Respiratory Specimens

Hee Jae Huh,a Won-Jung Koh,b Dong Joon Song,a Chang-Seok Ki,a Nam Yong Leea

Department of Laboratory Medicine and Geneticsa and Division of Pulmonary and Critical Care Medicine, Department of Medicine,b Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, Republic of Korea

We evaluated the performance of the Cobas TaqMan MTB test (Roche Diagnostics, Basel, Switzerland), stratified by acid-fast
bacilli (AFB) smear grades. The sensitivity of this test in smear-positive specimens was >95% in all grades, while that in trace
and negative specimens was 85.3% and 34.4%, respectively.

The rapid detection of Mycobacterium tuberculosis complex
DNA from respiratory specimens and the ability to differenti-

ate M. tuberculosis complex from nontuberculous mycobacteria
(NTM) are important for the early diagnosis of pulmonary tuber-
culosis and the prompt use of adequate antibiotics (1–3). The
direct detection of M. tuberculosis complex DNA by PCR-based
assays has become an important part of the rapid diagnosis of
tuberculosis (4). Numerous molecular assays for the rapid detec-
tion of M. tuberculosis complex DNA have been developed. The
Cobas TaqMan MTB test (Cobas MTB test) (Roche Diagnos-
tics, Basel, Switzerland) is one of the most widely used real-
time PCR assays. It uses TaqMan hydrolysis probes and prim-
ers that bind to a highly conserved and specific region of the
16S rRNA sequence.

Recently, various rates of detection by different PCR methods,
based by smear grade, were noted (5–7). The aim of this study was
to investigate whether this observation extends to the Cobas MTB
test and to investigate its diagnostic accuracy when stratified by
acid-fast bacilli (AFB) smear grades.

This study was conducted at a tertiary care hospital in Seoul,
South Korea, and was approved by the institutional review board
of that hospital. A total of 6,852 Cobas MTB test results for respi-
ratory specimens from April 2013 to June 2014 were retrospec-
tively reviewed. Microbiological tests, including AFB smear and
mycobacterial culture, were simultaneously performed for all
specimens.

The respiratory specimens were processed with 2% N-acetyl–L-
cysteine-sodium hydroxide (NALC-NaOH), followed by centrif-
ugation at 3,000 � g for 20 min. The AFB smears were performed
with an auramine-rhodamine fluorescent stain and subsequently
confirmed by Ziehl-Neelsen staining. The staining results were
graded according to the American Thoracic Society/Centers for
Disease Control and Prevention (ATS/CDC) guidelines, as fol-
lows (8): no AFB seen, no bacilli in 300 fields; trace, 1 to 2 bacilli in
300 fields; 1�, 1 to 9 bacilli in 100 fields; 2�, 1 to 9 bacilli in 10
fields; 3�, 1 to 9 bacilli in 1 field; and 4�, �9 bacilli in 1 field. The
specimens with the no AFB seen and trace grades were defined as
smear negative, and those graded 1� to 4� were defined as smear
positive. All patient specimens were cultured on both solid and
liquid medium for 6 weeks. The positive cultures were confirmed
by both the presence of cord formation and by MPT64 antigen
testing (SD Bioline TB Ag MPT64 rapid assay; Standard Diagnos-
tics, Inc., Yongin, South Korea). If any of these tests yielded a

negative result, an rpoB-specific PCR test using the MTB-ID V3 kit
(YD Diagnostics, Yongin, South Korea) was performed to differ-
entiate between M. tuberculosis and NTM. The Cobas MTB test
was performed according to the manufacturer’s instructions
(9). Conventional culture was considered the reference stan-
dard for performing calculations.

After the exclusion of 80 samples with contaminated culture
results and/or invalid Cobas MTB test results, a total of 6,772
respiratory specimens from 5,604 patients were available for anal-
ysis. A total of 269 specimens were culture positive, while the
remaining 6,503 specimens were culture negative (Table 1).
Among M. tuberculosis culture-positive specimens, 110 specimens
(40.9%) were smear positive, and the remaining 159 were smear
negative. Of the culture-negative samples, 6,371 specimens (98.0%)
were smear negative.

The Cobas MTB test yielded 212 positive results, of which 180
were positive by PCR and culture. A total of 6,471 specimens were
negative by PCR and culture (Table 2). The overall sensitivity,
specificity, positive predictive value (PPV), and negative predic-
tive value (NPV) of the Cobas MTB test were 66.9% (95% confi-
dence interval [CI], 60.9 to 72.4%), 99.5% (95% CI, 99.3 to
99.7%), 84.9% (95% CI, 79.2 to 89.3), and 98.6% (95% CI, 98.3 to
98.9), respectively. The sensitivity was 98.2% for the smear- and
culture-positive specimens and 45.3% for the smear-negative and
culture-positive specimens.

In 242 smear-positive specimens, 110 M. tuberculosis and 123
NTM isolates were identified, while the remaining 9 specimens
showed no growth. The sensitivities of the Cobas MTB test for
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these samples were 96.7% (95% CI, 87.6 to 99.4%) and 100% for
grades 1� and �2�, respectively. The NPVs were 97.5% (95% CI,
90.5 to 99.6%) and 100% for 1� and �2�, respectively. In all AFB
grades, the specificities were �90% (Table 2). The PPVs were
95.2% (95% CI, 85.6 to 98.7%), 89.5% (95% CI, 65.5 to 98.2%),
and 100% for grades 1�, 2�, and �3�, respectively.

In 6,530 smear-negative specimens, 159 M. tuberculosis and
543 NTM isolates were identified, while the remaining 5,828 spec-
imens showed no growth. The sensitivities for the trace and no
AFB seen specimens were 85.3% (95% CI, 68.2 to 94.4%) and
34.4% (95% CI, 26.3 to 43.5%), respectively, while the PPVs for
the trace and no AFB seen specimens were 80.6% (95% CI, 63.4 to
91.2%) and 68.3% (95% CI, 55.2 to 79.1%), respectively. The
specificities and NPVs were �90% and �95% for all AFB-nega-
tive grades, respectively (Table 2).

When stratified by culture results, the specificities in the spec-
imens with NTM growth were �99%: 100% (95% CI, 96.2
to 100%) in smear-positive specimens, 100% (95% CI, 92.4 to
100%) in smear trace specimens, and 99.4% (95% CI, 98.0 to
99.8%) in no AFB seen specimens. The Cobas MTB test was able

to effectively discriminate between M. tuberculosis and NTM iso-
lates in the smear-positive specimens without cross-reactivity in
the smear-negative samples.

Many prior studies have analyzed the performance of the
Cobas MTB test by stratification between smear-positive or
smear-negative specimens (9–16). As expected, the sensitivity
of the Cobas MTB test was higher with smear-positive speci-
mens than that with smear-negative specimens, consistent with
previous reports (10, 13, 14, 16). However, it was notable that a
sensitivity of about 85% was observed in the AFB trace speci-
mens, which was significantly higher than that for the no AFB
seen specimens.

Recently, Mareković et al. (7) demonstrated that real-time
PCR was insufficiently reliable to exclude tuberculosis in smear-
positive samples with few bacilli due to low sensitivity (52%) in
the AFB 1� samples, despite grading the smear results according
to more stringent World Health Organization (WHO) criteria.
The WHO classifications scanty and 1� match the ATS/CDC 1�
and 2� grades, respectively (17). However, the Cobas MTB test
showed excellent performance in the smear-positive specimens,
regardless of smear grade.

In this study, 32 specimens were M. tuberculosis PCR positive
but M. tuberculosis culture negative, of which five were smear pos-
itive. An evaluation of patient clinical features, including chest
symptoms, radiologic findings compatible with tuberculosis, cul-
ture results for additional specimens, and a history of antibiotics
showed that 26 culture-negative specimens could be categorized
as true positives for detecting M. tuberculosis DNA (Table 3).
When considering the 26 discrepant results as clinically concor-
dant results, the specificity and PPV of the Cobas MTB test were
100% for all smear-positive grades and trace specimens. There-
fore, a single positive Cobas MTB test result in a respiratory spec-
imen supports the diagnosis of tuberculosis in smear-positive
samples.

In conclusion, the Cobas MTB test in conjunction with AFB
smear and culture on respiratory specimens was helpful for the
early diagnosis for tuberculosis. The Cobas MTB test exhibits
excellent performance not only with high-grade smear-positive
specimens but also with paucibacillary respiratory samples.
Furthermore, the Cobas assay was able to effectively discrimi-

TABLE 1 Comparison of the Cobas TaqMan MTB test and culture
results stratified by AFB smear gradea

Smear grade

No. with culture result:

No. with Cobas
TaqMan MTB test
result:

Total
no.Positive

Total negative
(no growth/
NTM) Positive Negative

Negative 159 6,371 (5,828/543) 99 6,431 6,530
No AFB seen 125 6,265 (5,791/484) 63 6,327 6,390
Trace 34 106 (47/59) 36 104 140

Positive 110 132 (9/123) 113 129 242
1� 61 82 (6/76) 62 81 143
2� 17 25 (2/23) 19 23 42
3� 13 15 (0/15) 13 15 28
4� 19 10 (1/9) 19 10 29

Total 269 6,503 (5,837/666) 212 6,560 6,772
a AFB, acid-fast bacilli.

TABLE 2 Performance of the Cobas TaqMan MTB test stratified by AFB smear gradea

Smear grade

No. with PCR/culture result
of: Performance (% [95% CI])b

�/� �/� Sensitivity Specificity PPV NPV

Negative 72/159 6,344/6,371 45.3 (37.4–53.4) 99.6 (99.4–99.7) 72.7 (62.7–81.0) 98.6 (98.3–98.9)
No AFB seen 43/125 6,245/6,265 34.4 (26.3–43.5) 99.7 (99.5–99.8) 68.3 (55.2–79.1) 98.7 (98.4–99.0)
Trace 29/34 99/106 85.3 (68.2–94.4) 93.4 (86.4–97.1) 80.6 (63.4–91.2) 95.2 (88.6–98.2)

Positive 108/110 127/132 98.2 (92.9–99.7) 96.2 (90.9–98.6) 95.6 (89.5–98.4) 98.4 (93.9–99.7)
1� 59/61 79/82 96.7 (87.6–99.4) 96.3 (88.9–99.1) 95.2 (85.6–98.7) 97.5 (90.5–99.6)
2� 17/17 23/25 100 (77.1–100) 92.0 (72.5–98.6) 89.5 (65.5–98.2) 100 (82.2–100)
3� 13/13 15/15 100 (71.7–100) 100 (74.7–100) 100 (71.7–100) 100 (74.7–100)
4� 19/19 10/10 100 (79.1–100) 100 (65.5–100) 100 (79.1–100) 100 (65.5–100)

Total 180/269 6,471/6,503 66.9 (60.9–72.4) 99.5 (99.3–99.7) 84.9 (79.2–89.3) 98.6 (98.3–98.9)
a AFB, acid-fast bacilli.
b CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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nate between M. tuberculosis and NTM, regardless of smear
grade.
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TABLE 3 Analysis of 32 specimens positive by the Cobas TaqMan MTB test and negative for culture

No. of
specimens

Detection of MTB complex by
culture

Discrepancy analysis
Final
interpretationResult Smear grade

1 Negative 2� Tuberculosis patient receiving tuberculosis treatment True positive
1 Negative 1� Tuberculosis patient receiving tuberculosis treatment True positive
4 Negative Trace Tuberculosis patients receiving tuberculosis treatment True positive
6 Negative No AFB seena Tuberculosis patients receiving tuberculosis treatment True positive
1 NTMb No AFB seen Tuberculosis patient receiving tuberculosis treatment True positive
2 Negative 1� M. tuberculosis culture grown from another specimen True positive
3 Negative Trace M. tuberculosis culture grown from another specimen True positive
3 Negative No AFB seen M. tuberculosis culture grown from another specimen True positive
1 NTM No AFB seen M. tuberculosis culture grown from another specimen True positive
1 Negative 2� Diagnosed with tuberculosis based on symptoms, radiologic

findings, and response to antituberculosis medications
True positive

3 Negative No AFB seen Diagnosed with tuberculosis based on symptoms, radiologic
findings, and response to antituberculosis medications

True positive

5 Negative No AFB seen NAc False positive
1 NTM No AFB seen NA False positive
a AFB, acid-fast bacilli.
b NTM, nontuberculous mycobacteria.
c NA, not applicable.
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